Health policy in the UK is increasingly focused on the measurement of outcomes rather than structures and processes of health care.
INTRODUCTION
Pay-for-performance schemes have been introduced in several healthcare systems, with the aim of improving quality of care and patient outcomes. [1] [2] [3] While some schemes appear to have improved the performance of processes of care, 3 evidence for improvements in health outcomes and population health is lacking, leading to a call for the development of a 'pay-for-population-health performance system'. 4 In the UK, the 'Quality and Outcomes Framework' (QOF) pay-for-performance scheme was introduced in 2004, providing financial incentives to family practices for achieving targets for over 100 quality of care indicators. 3 Payments for these indicators are currently weighted on the basis of predicted GP workload and not on health outcomes. Health policy in the UK is shifting towards an emphasis on the measurement of outcomes rather than structures and processes of health care. 5, 6 This research therefore aimed to develop a measure of primary care effectiveness in terms of population health outcomes. This measure would be based on practice quality indicators selected from the current indicators included in the QOF, weighted according to their potential for mortality reduction, and applicable to all practices in England. This measure was termed the 'Public Health Impact' ('PHI') score. The use of the PHI score to define variations in the delivery of health outcome, and their relationship with practice and population characteristics, were also explored.
METHOD
Data QOF data were obtained for all general practices in England, covering the year 2009/2010, from the NHS Information Centre. 7 A detailed summary of practice characteristics was obtained from the general medical services database, including practice list size, age and sex of the registered population, number of fulltime equivalent (fte) GPs, and GP training practice status. 7 Demographic data covering ethnicity (from the 2001 national UK census) and social deprivation (Index of Multiple Deprivation 2010) were obtained for lower layer super output areas, which cover a mean population of 1500 residents. 8, 9 Pooled demographic data from these localities were used as a proxy for the characteristics of the registered population of each practice.
Study design
A retrospective cross-sectional study was carried out.
Participants QOF data were available for all 8305 general practices in England. Of these, 159 were excluded from the analysis on the basis of their list size (<750 registered patients) or list size per GP (<500 patients per fte GP), since practices with such small list sizes are likely to be highly atypical. A further 10 practices were omitted on the basis of incomplete data. The analysis was conducted on the remaining 8136 general practices (97.97% of all practices).
Construction of the PHI score Selection of indicators. Twenty clinical QOF indicators for which there was evidence of mortality reduction were identified. These were based on 25 QOF indicators identified by Fleetcroft et al, which, with subsequent changes in the QOF, have now been subsumed into 19 QOF indicators. 11, 12 Estimates of mortality reduction for each of these indicators are displayed in Table 1 . QOF indicators not included in Fleetcroft's original analysis were re-examined, and it was considered that there was sufficient evidence to include one further indicator, the cervical screening indicator (Table 1) . 13 The term 'QOF (20) ' was used to describe this collection of indicators. QOF indicators that did not feature in the selection of QOF (20) indicators lacked a sufficient evidence base to warrant their inclusion. Although there are other measures of public health activity in primary care, only QOF indicators were considered for this analysis, to ensure consistency of data collection.
Mortality-reduction estimates for selected indicators. Estimates of mortality reduction were obtained, derived from the available literature, identifying the highest level of evidence for risk reduction in all-cause mortality. [11] [12] [13] Risk reduction estimates, defined as absolute risk reduction (ARR), relative risk reduction (RRR), or as odds ratios (ORs), were converted into estimated mortality reduction rates per 100 000 population, per annum (Table 1) .
In deriving the estimates of mortality reduction, a conservative interpretation was used and the original published estimates were retained, even though in subsequent years the targets for two of the targets for diabetes were tightened (DM23 and DM25) and the smoking cessation indicator (Smoking4) was broadened to cover additional conditions. 14 Comorbidity correction factor. The total estimated mortality reduction achieved by each practice will be less than the sum of the 20 individual indicators, since many patients have comorbidity. In the absence of patient-level data in the QOF database, a further QOF indicator (Smoking3) was used to calculate a proxy for comorbidity. The Smoking3 denominator is the sum of all patients with any one of eight chronic conditions regardless of their smoking status: all six included in the present study plus asthma and psychosis. 14 The sum of individual prevalences at national level for these eight conditions was 34.7%, whereas the sum of combined prevalences (the denominator for Smoking3) was 21.5%. Therefore, the overall mortality reduction corrected for comorbidity by the national mean equals 21.5/34.7, that is, a correction of 62.4%. For the analysis in this study, each practice was allocated its individual comorbidity correction factor.
Prevalence calculation for selected indicators. Practices with higher prevalence of each condition have a greater potential for mortality reduction, and therefore this factor was included in the calculation.
A composite practice-level value was derived for the overall prevalence of all conditions included in the mortality estimates. This value was based on the mean ratio of practice prevalence to national prevalence for each of the QOF (20) indicators, weighted according to the estimated mortality reduction of each indicator and according to practicelevel comorbidity. Thus a practice with double the national prevalence of one of the conditions associated with greater mortality reduction would have a higher overall composite prevalence value than a practice with double the prevalence
How this fits in
This study has taken a series of 20 QOF indicators, converted achievement of these into estimates of mortality reduction based on published evidence, and derived a composite score for the sum total of mortality reduction attributable to these QOF indicators. For the first time, general practices will have data to describe their effectiveness in terms of an estimate of mortality reduction. At an individual level and based on 2009/2010 figures, the average GP in England saved 4.7 lives per year through disease prevention activity.
of a condition lower down the rankings of mortality reduction. This composite prevalence score was termed the 'prevalence factor'. The national mean prevalence value was set at 1.0.
Calculation of practice-level mortalityreduction estimates. Estimates of overall mortality reduction in the registered population of each practice were calculated as a function of the clinical indicator achievement percentage, ARR, comorbidity, and prevalence (for details, see Appendix 1).
Measures of public health impact. Three measures of PHI were derived for each practice:
• the PHI score: the estimated mortality reduction, per 100 000 registered patients, per annum;
• the maximum potential PHI score: the estimated mortality reduction assuming 100% achievement of each of the 20 indicators included in the PHI score; and
• the PHI% performance score: the PHI score achievement for each practice as a percentage of the maximum potential PHI score.
Multipredictor analysis
Univariate and multivariate analyses were conducted to assess the contribution of practice and population predictor variables as determinants of PHI and PHI% performance scores. A two-level multilevel regression model was used, which allowed the researchers to take into account the likelihood that practice characteristics e293 British Journal of General Practice, April 2013 The value stated for 'prevalence' refers to the total number of eligible women in the 25-64 years age group, per 100 000 registered patients. 
Sensitivity analysis
For a sensitivity analysis, the analysis was repeated on a subset of 11 of the original QOF (20) indicators for which there was at least randomised controlled trial (RCT) with research evidence of mortality reduction (Table 1) . 11, 12 The remaining indicators excluded from the sensitivity analysis were derived from non-RCT studies.
RESULTS

Disease prevalence
Summaries of disease prevalence, as represented by the selected indicators, are presented in Table 1 . Composite practice prevalence values varied widely: practices in the lowest percentile had a mean prevalence value of 0.36 or less, and practices in the highest percentile had a mean prevalence of 1.66 or more; the 5th and 95th centile values were 0.49 and 1.47, respectively.
Estimated mortality reduction; the PHI score The mean estimated reduction in mortality achieved by general practices in England, based on their performance on the QOF (20) indicators in 2009/2010, was 258.9 lives per 100 000 registered patients, per annum, which represented 75.7% of their theoretical maximum potential to reduce mortality (Table 2) .
From the perspective of individual GPs, the estimate of mortality reduction was 4.7 lives saved per fte GP, per annum. This value was derived from the national QOF database, which showed an average registered population of 1820 patients in 2009/2010.
Given the variance in PHI% achievement, an estimate of the additional lives that could have been saved through improvements The relationship between practices' actual PHI scores, their maximum potential achievement, and their PHI% performance scores is illustrated in Figure 1 .
Univariate correlates
The PHI score correlated weakly with the total QOF score (Pearson's r = 0.28) and clinical QOF score (r = 0.25). The PHI% performance score correlated moderately with the total QOF (Pearson's r = 0.54) and clinical QOF (r = 0.51) scores. All correlations were significant, P<0.001.
Multipredictor analysis
The most powerful determinants of the PHI score were the composite prevalence of the QOF (20) conditions and the proportion of patients aged ≥65 years. The full model summarised in Table 3 explained 55% of the variance in PHI score at practice level, and 45% at PCT level. A similar multivariate analysis of the determinants of the PHI% achievement score was conducted. Practices that maximised their potential for mortality reduction were those with higher prevalence of QOF (20) conditions, situated in less deprived areas, with smaller list sizes, and with fewer patients aged ≥65 years. The study model explained 91% of the variance in PHI% at practice level and 9% at PCT level (Table 4) . PHI (11) values, and the determinants of PHI (11) and PHI(11)% achievement are displayed in Tables 2, 5 , and 6.
DISCUSSION
Summary
This study has produced a measure of the public health impact of individual general practices. It estimates that achievement levels for a subset of 20 clinical QOF indicators in 2009/2010 translates into a mean mortality reduction of 258.9 lives per 100 000 registered patients, per annum. For a GP in England with the national average list size of 1820 patients, this equates to 4.7 lives saved per year. Nationally, this equates to 139 100 lives saved. This value represents 75.7% of the theoretical maximum potential for mortality reduction; just 1% of practices exceeded 85% of their potential maximum score. Increasing PHI% performance to the level of the top quartile of practices would save an additional estimated 5361 lives each year in England.
Overall mean achievement rates of the 20 clinical indicators were broadly similar, regardless of whether they were unweighted or weighted according to mortality reduction (79.0% and 75.7%, respectively). In contrast, QOF clinical point scores for these practices were high (mean = 96.3%), confirming that most practices have achievement rates above the QOF upper payment thresholds for most indicators, but falling well short of 100% achievement. Moreover, the correlations between QOF points scores and PHI scores were not strong, implying that for many practices the financial rewards of the QOF may not be closely aligned with the PHI of Calculating practice prevalence for relevant conditions was an integral part of constructing PHI scores. Unlike clinical achievement scores (which had a narrow variance) it was found that prevalence varied considerably. The study plans further work on the factors that predict these large variations in the prevalence, and the reasons why some practices appear to carry a far higher burden of morbidity than others serving similar populations.
Practices that underachieved in terms of fulfilling their potential to save lives were those with lower burdens of morbidity (as defined by the prevalence factor), suggesting that successful implementation of disease-prevention activity is linked to higher prevalence. When findings were adjusted for prevalence, practices located in deprived areas and with an older population were less likely to maximise their potential to reduce mortality. These are the practices where there is further potential to reduce mortality and where interventions to improve public health outcomes might be most successful. Smaller practices were better at maximising their potential to save lives. Several studies have demonstrated the specific features of quality of care linked with small practices, particularly in continuity of care, and it is possible that some of these attributes are linked with effectiveness at disease prevention. 15 Examples of practices with high and low PHI scores with varying levels of PHI% achievement are given in Box 1.
Strengths and limitations
This study has produced a new metric for general practices in England, based on estimates constructed using the most conservative interpretation of trial data. Sensitivity analysis conducted using the subset of 11 clinical indicators with the strongest evidence base suggests that the PHI scores are robust. The final estimate for mean annual mortality reduction (258.9 per 100 000 registered patients) compares with the overall 2009 national (England and Wales) mortality rate of 896 per 100 000 registered patients. 16 This reflects the contribution of the conditions included in the PHI score to overall mortality, particularly coronary heart disease and chronic obstructive pulmonary disease, and the importance of activities such as influenza vaccination.
The findings of the study are constrained by several limitations. There are other clinical interventions that have the potential to save lives, and primary-carebased public health interventions span a broader range of activity than the current list of indicators contained within the QOF. However, the subset of 20 indicators used in this study represents those interventions with the strongest evidence base for mortality reduction, even though RCT-level evidence of mortality reduction could only be found for 11 of these indicators. Ideally, indicators should be selected from a wider pool of indicators, all ranked according to mortality-reduction estimates derived from high-quality meta-analyses of RCT data. This study relied on a 2008 analysis of mortality-reduction estimates, although both the sensitivity analysis and the strong correlation between PHI% achievement scores and QOF(20) achievement scores weighted for prevalence suggest that the mortality weightings do not greatly alter the final scores. The approach in this study though, was not dependent on one dataset and could readily be updated as new estimates become available. By using proxy measures, it is also likely that the role of ethnicity and social deprivation in determining health inequalities has been underestimated. 10 The study analysis was confined to mortality reduction. Arguably, the impact of primary care is likely to be greater in terms of improving quality-adjusted life years or reducing disability-adjusted life years, but this study, like others, found few data to conduct such an analysis. This practice has a PHI score that is just about average for the whole country. However, it has maximised its potential to reduce mortality and is in the top 1% of performers in the country, in terms of potential achievement.
This mismatch between average PHI score and high PHI% performance score occurs because Practice 1 has low disease prevalence compared to the average practice, thus imposing a ceiling on the maximum potential number of lives saved.
Practice 2: PHI score: 400 per 100 000 registered patients, per annum; PHI% performance score: 70%
This practice appears to be doing very well in terms of PHI score, achieving above the 90th centile. However, it has achieved below national average in terms of PHI% performance.
This mismatch between high PHI score and low PHI% performance score occurs because Practice 2 has high disease prevalence compared to average. Although disease-prevention activity has already saved a large estimated number of lives, this practice could save many more lives based on the high disease prevalence in the practice. This pattern might occur in an inner-city area or in an area with a large older population in which the practice is underachieving in terms of disease-prevention activity.
Practice 3: PHI score: 200 per 100 000 registered patients, per annum; PHI% performance score: 85%
This practice has a low PHI score and yet it has achieved highly in terms of potential. This might be typical of a practice serving a student population where morbidity is low; hence, however hard the practice tried and however successful it was at disease-prevention activity, it could never achieve the mortality reduction of practices in areas of higher disease prevalence.
The PHI score was heavily influenced by mortality reduction for influenza immunisation indicators. Doubts have been raised about whether findings of vaccine effectiveness in younger age groups can be generalised to an older population, and few trials have included patients aged ≥70 years, the age group that accounts for three-quarters of influenza-related deaths. 18 The overall estimate of mortality reduction may therefore have to be revised downwards. However, all four influenza vaccination indicators were excluded from the sensitivity analysis in this study, and convergence with the main analysis suggests that these indicators exerted only a modest effect on the regression models.
The overall estimate of mortality reduction was corrected for comorbidity. It could be argued that the analysis should not be corrected for comorbidity, since each of the 20 primary care interventions are effective, regardless of how many other illnesses are experienced by each patient. The present authors preferred the more cautious analysis, since the same intervention (for example influenza vaccination) would be unlikely to have an additive effect if given to a patient with several comorbidities for which influenza vaccination was recommended. Similarly, multiple different preventative interventions on the same patient would be unlikely to have an additive effect on mortality reduction. The lack of a strong evidence base on mortality reduction in multimorbidity encouraged use of the more cautious analysis.
Finally, it is important to place the present findings within the context of overall primary care activity. The PHI score is a measure of the impact of QOF-related activity within primary care, rather than necessarily demonstrating the impact of the QOF itself.
Comparison with existing literature
Linkage between the selection of performance indicators for primary care and health gain was first suggested in 1992. 19 More recently, it has become possible to quantify predicted benefits. The study identified two studies that modelled financial incentives and health outcomes in primary care, both of which produced findings of a similar magnitude to those derived in the present study. 11, 20 One study explored the likely health outcomes of achieving five clinical targets, 20 and a further study derived weightings for eight health-promotion initiatives, although these were applied at a higher managerial level ('primary care group') rather than at practice level. 21 In the US, the current physician payment model provides incentives for increased volume of activity, but lack of computerisation has hindered efforts to evaluate the public health role of primary care. 22 The present study is the first to report predicted health outcomes linked to primary care-level achievement of such a broad range of indicators, and the first to develop a score based on this measure.
Implications for practice and research At a practice level, the study considers that the PHI scores will allow GPs and health service commissioners to focus on maximising the effectiveness of general practices in reducing all-cause mortality in their registered population and locality.
Under the QOF, general practices are financially incentivised to reach, but not exceed, achievement thresholds of less than 100% for clinical targets. These thresholds, which are arbitrarily set, are relatively low for many indicators, and the findings of this study suggest that public health effectiveness may be curtailed as a result. One solution might be to introduce higher targets with stepped increases in the incentive, so that the incentive reflects the difficulty of reaching higher levels of achievement.
This study has highlighted the lack of a readily available up-to-date evidence base on which to base calculations of public health effectiveness. Current NHS reforms 23 are likely to require newly formed commissioning groups to make decisions on resource allocation for initiatives to reduce mortality, and these decisions require access to health economic modelling of the cost-benefits of proposed investments or disinvestments.
This study takes a step towards filling the information gap between primary care processes and outcomes, by translating process quality performance into estimated health outcome performance in terms of mortality reduction. The resulting suite of practice-level measures of public health impact provides an alternative, more outcomes-oriented approach, which can be used to gauge the contribution of primary care to public health.
The PHI score is a potential new metric of practice performance. Although derived from 20 clinical QOF indicators, achievement of PHI scores did not correlate strongly with total or clinical QOF scores, implying that the QOF pay-for-performance scheme offers financial rewards that may not be well aligned to the task of reducing mortality from preventable disease. 
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